'lb assess the effect of interim clean-up measures on the current health ofa community, we prevalence odds ratios (PORs) comparing symptom reporting between "high-eposed" and comparison-area respondents were greater than that ofthe 1981 survey for 89% of symptoms. PORs comparing symptom reporting between these two areas were greater than 2.0 for 64% ofsymptoms assesed in the current survey. Symptoms reported in eess did not represent asingle organsystem or suggest a mechani ofresponse. PORs comparing respondents who were very worried about the environment and those reporting no worry were greater than 2.0 for 86% of symptoms. These findings, along with environmental data from the area, suggest that living near the waste disposal site and being very worried about the environment, rather than a toicologic effect ofchemical from the site, explain excess symptom reporting found in this followup study.
Introduction
Community concern regarding potential health problems associated with living near hazardous waste disposal sites has resulted in a flurry of health studies over the past decade. The California Department of Health Services (CDHS) has conducted five such studies during the 1980s (1) (2) (3) (4) (5) . These studies were conducted in response to initial community concern regarding potential health problems associated with residence in the communities containing the waste sites. The findings from these studies have been reassuring in that no serious health conditions have been found that could be attributed to the site in the populations studied. Four ofthese studies (1) (2) (3) (4) and several others conducted outside California (6) (7) (8) (9) have documented an increased prevalence of self-reported symptoms associated with exposure to the site. These four California studies and at least two others (6, 10) also found an association between concern about the environment and self-reported health problems. This second finding has been suggested in studies of other environmental threats, such as Three Mile Island (TMI) (11) , but has only recently begun to receive attention in health surveys of communities residing near waste disposal sites. For the purpose of this study, the term "exposure" refers to surrogate measures such as the relative frequency of detecting odors from the site or to the relative proximity to the waste site rather than measurement of chemical exposure from the site. The term "environmental worry" refers to the reported level of concern or worry about environmental hazards in one's neighborhood (perceived environmental risk), as assessed in this questionnaire survey.
Until the current study was undertaken, no waste-site community had been followed over time to assess the effect of a health survey or interim clean-up measures on the community's current health. This study was designed as a longitudinal follow-up study at the first of the five sites studied in California (1) . The purpose of this study was three-fold: first, to assess community members' knowledge of the initial health survey conducted 7 years earlier; second, to systematically assess the rate of symptom reporting and odor complaints to determine if health complaints continue in spite of interim remediation measures at the site; and third, to assess the role of symptom reporting bias related to individuals' concerns about environmental problems and their perception of health risk associated with living in a community with an inactive hazardous waste site. This paper reports the findings from the second and third study objectives. The first study objective is addressed in a separate report (12 all of the 12 pits had been covered with soil, and the site was secured with chain-link fencing and a 24-hr-per-day guard (12) . Air monitoring conducted by the Environmental Protection Agency (EPA) during field work in the spring of 1987 and January 1988 showed levels of total hydrocarbons on site in the range of0 to 10 ppm downwind. Sulfur dioxide was occasionally measured on site at levels of20 ppm for very briefperiods during fieldwork, but never reached the "stop-work" level ofa sustained 5-min period of 0.5 ppm (15).
Tests Fig. 1 ) containing 92 households, the lowest odor zone (zone 1 in Fig. 1 ) containing 217 households, and the comparison area (not shown in Fig. 1 
Analysis
Participants from the 1988 study who also participated in the 1981 survey were identified by matching name (when available), sex, date of birth, and address from both surveys, and responses were stratified by whether or not the respondent participated in the 1981 survey for several analyses. Data from the 1981 survey were compared with data from the 1988 survey for odor detection frequency, self-health-appraisal and one question regarding environmental worry. One-year symptom period prevalence rates from the 1981 survey were determined by an affirmative response to the question of whether the respondent had experienced a specific symptom since moving to their current residence and an affirmative response to whether they had been bothered by the symptom in the past 1 year. Prevalence rate differences and prevalence odds ratios between high-exposure and comparison groups during the 1988 survey and the 1981 survey were compared.
One-year symptom period prevalence rates by exposure area were calculated. Symptom prevalence odds ratios (ratio ofodds of symptoms for those in the exposed group versus those in the comparison group) for high exposed versus comparison area, high worry versus low worry, and frequent odor detection versus rare odor detection were calculated. The prevalence odds ratio was chosen as the appropriate measure of association for cross-sectional data (18) and because the alternative ratio measure, the prevalence rate ratio, has a limited upper range of values when assessing highly prevalent conditions (e.g., 50% or greater). It should be noted that the prevalence odds ratio does not estimate the prevalence rate ratio in these situations. The relationship between symptom prevalence, exposure area, and environmental worry was assessed by calculating prevalence odds ratios within the nine possible combinations of the three levels of exposure and three levels of worry. This analysis was conducted to assess for differences in the association between exposure and symptom reporting across varying levels of environmental worry and environmental worry and symptom reporting across the three exposure areas, also known as "effect modification."
The exposed study area was reclassified into two areas of near equal number of households, based on distance from the site, to assess whether this measure of exposure was more strongly associated with symptom reporting and environmental worry than the original odor zone classification. Because the selection of two adult participants per household introduced the possibility of nonindependent responses within households, analyses were repeated using only the first respondent from each household.
Prevalence odds ratio analyses were conducted using SAS software (19) . A small-sample correction factor was used in calculating the prevalence odds ratio when the value in any cell in the two-by-two table equaled zero (20) . Multiple linear regression was conducted using SAS software (19) to examine the relationship between the total number of symptoms reported and several measures of exposure while controlling for potential confounding variables.
Results
One hundred ninety-three of 267 (72.3 %) eligible adults participated in an interview. The participation rate in the high exposed area, 67.9%, was lower than in the low-exposed or comparison area, which had participation rates of75.9% and 76.1%, respectively.
Within each group, the distribution of potential confounding variables was examined ( 20 households between the two exposed areas.
Of the 22 symptoms included in the current study, 21 were reported more frequently by high-exposed than by comparisonarea participants (Table 2 ). Crude prevalence odds ratios comparing symptom reporting between high-exposed and comparison area respondents were greater than 2.0 for 14 of 22 (64%) symptoms (Table 3 (Table 7) .
Exposure, Odor Detection, Worry and Symptom Reporting Exposure area, reported odor detection frequency, and environmental worry were examined as potential predictors of symptom reporting. For each of these three variables, the highest and lowest categories were compared by calculating prevalence odds ratios foreach ofthe22 symptoms included inthe survey (Table 8) . Each variable was strongly associated with a number of individual symptoms. The symptoms for which area, odor, or worry were the strongest predictors were not symptoms generally associated with a physiologic response to odor, or to stress in the case ofthe association with environmental worry. For instance, symptoms most frequently associated with unpleasant odors, nausea, and headache (21), were not the symptoms most strongly associated with odor in this analysis. Those symptoms most associated with odor detection in this study, dizziness, wheezing, and skin irritation, are unlikely to be related to any knownphysiologic response to odorperse, but wheezing and skin irritation couldbe associated with irritantchemicals ifodors were a surrogate forchemical exposure. Similarly, the symptoms most strongly associated with worry, namely, wheezing, earache, and sore throat, are not symptoms classically associated with a physiologic response to stress.
In an attempt to evaluate the association between symptom reporting and the variables worry and exposure, while holding constant the effect ofeach ofthese two variables, prevalenceodds ratios for nine possible combinations of exposure/worry were calculated for the four most prevalent symptoms. The reference group was comparison-area persons reporting no or little environmental worry (Figs. 2-5 ). Attention should be directed to the comparison area and low worry categories. There appears to be no association or a negative association between exposure and symptom reporting in the low worry categories, so the relationship between symptoms and exposure is only seen for the worried group. At the same time, the odds ratio ofhigh versus low worry in the comparison area is 1.5 or greaterfor2 (50%) ofthese symptoms, while there is little evidence ofa consistent dose-response relationship by level ofworry in the comparison area. Because of the small number ofobservations in each cell (n = 7 for high exposed/low worry category), interpretationofthesedatais limited, but this suggests effect modification between symptoms and exposure and symptoms and worry. The results ofanalyses conducted with only one participant per household were similar to those using the entire study population. Further effort to assess nonindependence between household respondents was deemed unnecessary.
Discussion
The current study assessed symptom reporting, odor complaints, and risk perception in a community that contains an inactive hazardous waste disposal site and a comparable unexposed population. This community was selected for follow-up of an earlier environmental health survey in 1981 to assess whether intervening events had changed symptom reporting. The sample of 150 households was selected from the original 619 households as the minimum number of subjects required to detect a two-fold difference in symptom reporting between the exposed and comparison groups in univariate analysis. The study had limited power to detect small differences in symptom reporting, particularly in stratified analysis.
The overall participation rate, 73 %, was somewhat lower than the 1981 survey rate of 84%. The refusal rate in the high-exposed area (20%) was higher than in other areas. Eight persons in both exposed areas refused to participate because they were involved in litigation related to the site. Since potential study participants were not asked whether they refused because of litigation, the total number of refusals related to litigation could not be determined, and it is possible that all nonrespondents were symptomatic litigants, so that symptom rates in the exposed area could have been underestimated. It is also possible that many of the nonrespondents chose not to participate because of being asymptomatic, which would cause a bias in the direction of overestimating symptoms among the exposed. No information regarding nonrespondents was available, and because of the magnitude ofdifferences observed, nonresponse is an unlikely explanation for the differences in symptom rates between areas.
Differences in the demographic characteristics between the exposed and comparison study areas included a lower percentage ofparticipants with less than a high school education and a lower percentage who had lived at their current residence for greater than 5 years among the comparison area. The high-exposed group had a lower percentage of females and Caucasians. The total number of symptoms reported by an individual did not vary by education, but did vary by sex and length of residence, as demonstrated by the multiple linear regression analysis. Controlling for these variables in the analysis did not explain the association between exposure, as measured by reported odor detection frequency and environmental worry and the total number of symptoms reported. Since the high-exposed group had approximately 8% fewer females than the comparison group, this would have the effect of slightly lessening the difference in symptom rates between these two groups. When the two exposed groups were combined, they had approximately the same proportion of females as the comparison population. The difference in the length of residence between the exposed and comparison groups would have the opposite effect.
The purpose of this part of the McColl follow-up study was twofold. First, to assess the rate of symptom reporting and odor complaints 7 years after the initial 1981 study and after interim remediation measures (e.g., Geotex and clay soil cover, fence around the site) had been implemented. Twenty-one oftwentytwo symptoms directly queried were reported more frequently in 1988 by exposed-area participants. The symptoms observed to be (versus toxicologically) most strongly associated with exposure did not represent particular organ systems suggestive of a causal mechanism between exposure and symptoms, but rather suggested what Ozonoff described as a "pan symptom" effect indicative of reporting bias (6) . In support of this explanation for the observed excess symptom reporting was the finding that toothache, included as a "dummy" symptom in the survey to test for reporting bias, was reported nearly six times as often by persons residing in the high-exposed area compared with persons in the comparison area. The difference in symptom prevalence rates between the high-exposed and comparison areas in this study was greater than the difference in rates observed in 1981, suggesting that interim clean-up measures and information from the health survey have not reduced the symptoms experienced and/or reported by those living near the site. Findings from the current study suggest that interim clean-up measures have reduced odor detection frequency relative to the fiequency reported in 1981, but this reduction was not accompanied by reduced symptom reporting.
Exposed-area individuals reported a similar distribution of worry or concern about the environment in 1981 and 1988. However, the comparison area participants reported considerably more worry in 1988. Considering the increased media coverage of environmental issues over the past decade, it is not surprising that the background rate of environmental worry has increased since 1981. The results suggest that exposed-area participants are either less worried about their immediate environment than they were in 1981 or that their awareness of general environmental issues was already heightened in 1981. In any case, the exposed-area participants continue to report a higher level of worry in 1988.
The second purpose for the study was to assess the role of symptom reporting bias related to individuals' awareness of environmental problems and their perception of health risk associated with living in a community with an inactive hazardous waste site. This type of assessment is essential to any study that is conducted in a politically charged environment and that relies on a subjective outcome measure, such as symptom reporting. This study was designed to elaborate on the measurement ofthis phenomenon, reporting bias, which has been evaluated in other waste site studies (1) (2) (3) (4) 6) and which was the objective ofa Louisiana waste site study (10 In spite ofthe difficulty in determining which particular aspect of perceived risk is most strongly associated with symptom reporting, the findings of this study clearly suggest that symptom reporting is associated with perceived environmental risk. The causal mechanism for this association, ifone exists, is uncertain. In fact, one possible explanation for the association between worry and symptom reporting is that experiencing symptoms that one attributes to the waste site then causes worry about the environment. In an attempt to illuminate the direction ofthe causal relationship between these two factors, respondents who stated they were worried about environmental hazards in their neighborhood were asked what made them worried. Four percent stated they were worried because of personal illness. The majority of individuals gave "risk of future health problems or damage to the environment" as the reason for their worry. In other California studies ofwaste site communities, approximately 10% of respondents reported personal illness caused their worry (1, 3, 4) . The association between worry and symptom reporting remained when those who were worried related to personal illness were removed from the analysis. This finding suggests that in these studies, worry caused symptom reporting rather than symptoms causing worry.
The 
Conclusion
This study, the first of its kind to follow a community over time to assess whether a health survey and interim remediation at a waste disposal site affects the community's current health, found that the exposed population continues to experience and/or report significandy more symptoms than the comparison population, 7 years later. This was true whether the exposure area was defined by odor zones or proximity to the site. Paradoxically, exposure, as measured by the perception ofodors from the site, has been reduced since the 1981 survey. However, potentially troubling political and legal events have occurred that may have mitigated any positive effects of reduced odors by causing increased psychological stress since strong associations between symptom reporting and exposure area were found only among persons reporting a high level ofenvironmental worry. Conversely, consistent associations between worry and symptom reporting were only found for the exposed study area. Both of these findings demonstrate that exposure (residing in the high odor zones) in the presence of high environmental worry is associated with increased symptom reporting. However, environmental monitoring of community exposure suggested that McColl waste site contaminants were present at levels considerably lower than those associated with these symptoms in occupational or experimental settings. Taken together, these findings suggest that the concern and worry associated with living in a community with a waste disposal site, rather than the exposure to chemicals from the site, is responsible for the excess symptom reporting observed in this study. This does not eliminate the possibility that there may be highly sensitive individuals in the community who experience symptoms when exposed to chemicals at the part-perbillion levels found at this waste site, but the presumably rare sensitive persons in the population cannot explain the very large differences in symptom prevalence rates between the populations observed in this study. This study demonstrates the personal and societal cost ofthe political and social upheaval often involved in hazardous waste disposal clean-up efforts. Community and government collaboration to address the problems created by the generation ofhazardous waste has never been more crucial. This response needs to pay increased attention to addressing community stress and concern, as well as engineering controls and remediation.
